Formation of Vaccinia Virus DNA-Protein
Complex in the presence of Isatin ~ Thiosemicarbazone (IBT) (Accepted 20 April 1978) SUMMARY The association of newly synthesized vaccinia virus DNA with proteins in infected HeLa cells was followed. A shift from a high density to a low density complex occurred between 3 and 6 h after infection. This process was not affected by isatin/3 thiosemicarbazone (IBT), an inhibitor of pox virus growth. At 22 h after infection in the absence of IBT, mature virions of high density were observed; however, in the presence of the drug, high density DNA-protein complexes, which lack the two main virus core polypeptides, were formed.
Isatin/3 thiosemicarbazone (IBT) is an efficient inhibitor of the growth of pox viruses (Sheffield et al. I96O ) . The mechanism of action of this drug is not completely understood. It was found that IBT did not affect the synthesis of the virus DNA or other early virus functions, but inhibited late events during virus growth (Easterbrook, I96I ; Appleyard et al. 1965; Woodson & Joklik, I965) . Electron microscopy studies revealed that immature virus particles appeared in the cytoplasm of the infected cells in the presence of IBT; these structures were accumulated when infection was carried out with the wild type strain of vaccinia virus, but not when the cells were infected with an IBT-resistant mutant of the virus (Katz et al. I973b) . Analysis by polyacrylamide gel electrophoresis of virus polypeptides made in the infected ceils revealed that most of the late virus polypeptides were synthesized in the presence of IBT. However, cleavage of the precursor for one of the main virus structural polypeptides, a process closely associated with virus maturation, was inhibited in the presence of IBT (Katz et al. 1973a) .
In the present study we analysed the virus polypeptides associated with high density virus immature particles which are formed in the presence of IBT. The findings may further clarify the target of IBT on the assembly events which take place during maturation of vaccinia virus.
HeLa cells were grown in 9o mm plastic Petri dishes (Nunc, Denmark), containing MI99 medium supplemented with to % calf serum. The cell monolayers were infected with vaccinia virus at a multiplicity of infection of IO p.f.u./cell. After 3o min at 37 °C, the monolayers were washed and 5 ml of Dulbecco's minimal essential medium (MEM) supplemented with 2% calf serum, were added. At I h after infection, 3H-thymidine (21.6 Ci/mmol, Nuclear Research Centre, Negev, Israel) was added to the cultures at a concentration of IO #Ci/ml. Excess isotope was removed 2 h later by washing the cells and adding isotope-free medium.
Vaccinia virus-DNA-protein complexes were isolated from the cytoplasm of HeLa cells essentially as described previously (Dahl & Kates, I97o) gradient, prepared on top of 2 ml of 60 % (w/v) sucrose cushion in 0"05 M-KC1, 0"005 M-EDTA, o'oi M-tris, pH 8-0. Centrifugation was performed in a Beckman SW27 rotor at 234oo rev/min for I6 h at 4 °C. Fractions (0"9 ml) were collected from the bottom of the tube. To half of each fraction, trichloroacetic acid (TCA) was added and radioactivity was determined. The other half was incubated in the presence of MgC12 (IO raM) and deoxyribonuclease (50/zg/ml) for 30 rain at 37 °C before addition of TCA.
The formation of the complex between the newly synthesized vaccinia virus DNA and proteins was followed at 3, 6 and 22 h after infection, in the absence and presence of IBT. Most of the virus DNA at 3 h after infection, was found on top of the 60 % sucrose cushion, a significant proportion of which was resistant to digestion by deoxyribonuclease. At 6 h p.i., the newly synthesized DNA had a lower density and was found primarily in the middle of the sucrose gradient. IBT (Mann Research Laboratories, New York) added to the infected cells at the end of the adsorption period at a concentration of I4/ZM did not significantly affect the distribution of the newly synthesized DNA at 3 and 6 h p.i. in the sucrose gradients. At 22 h p.i., when infectious virus is extensively being made, the main peak of the virus DNA was found on the sucrose cushion, where thymidine-labelled purified vaccinia virus, which was centrifuged under similar conditions, was sedimented (Fig. I a) . all.
In addition to the high-density labelled DNA complex there was also a DNA complex of low density (Fig. I a) . In the presence of IBT, a small amount of the labelled DNA had high density, while most of the DNA was located at the upper part of the sucrose gradient (Fig. I a) , similarly to the DNA observed at 6 h p.i. In order to characterize further the DNA-protein complex located on the sucrose cushion, in the presence and absence of IBT, we labelled the infected cells with radioactive methionine. Labelling with aSS-methionine (66o Ci/mmol, Radiochemical Centre, Amersham, England); started at ~ h after infection at a concentration of 5 #Ci/ml in Eagle's medium containing Short communications 5% of the regular concentration of methionine, supplemented with 2O,/o dialysed calf serum. At 22 h p.i. the cells were washed, Dounce homogenized and the cytoplasmic fraction sedimented through sucrose gradients. Fractions were collected, TCA added to 5o #1 samples and the insoluble radioactivity was determined (Fig. I b) . To the zSS-methionine labelled high density peak fractions (fraction no. 7-IBT; fraction no. 6 + IBT), 3H-methionine labelled purified virus was added. The mixtures were dissociated with 2 % SDS and r % mercaptoethanol for I min at Ioo °C and the polypeptides were analysed by polyacrylamide gel electrophoresis, as previously described (Summers et al. I965) .
The 3H-methionine profile of the sliced gel (Fig. 2) shows the usual pattern of the structural polypeptides of vaccinia virus (Holowczak & Joklik, I967) . The two main polypeptides of the virion, 4 a and 4b, appear almost as a single prominent radioactive peak at the gel area between 2 and 3 cm. (A better resolution of these two polypeptides was achieved in autoradiographs.) In the absence of IBT (Fig. 2a) , the composition of the polypeptides of the DNA-protein complex and their relative proportions, are very similar to those of the virus marker. However, in the presence of IBT (Fig. 2b) , the most remarkable difference between the composition of the virus marker and the DNA-protein complex is the absence of polypeptides 4a and 4b and several low mol. wt. polypeptides from the latter. Other polypeptides appear in very similar proportions to those of the mature virion.
In the presence of IBT, although vaccinia virus DNA is synthesized, to almost the same level as in untreated infected cells, most of the newly made DNA remains sensitive to digestion by deoxyribonuclease (Woodson & Joklik, I965; Katz et al. I973a) . It was suggested that the failure to acquire resistance to the enzyme may result from absence of late virus polypeptides. Previously we showed that a wide range of late virus polypeptides are made in the IBT treated cells, although processing of several of them, which occurs during virus maturation, is interrupted in the presence of IBT (Katz et al. I973a ) . In the present study, we followed the fate of the newly synthesized vaccinia DNA in the presence of IBT. Joklik & Becket 0964) demonstrated that newly replicated virus DNA could be isolated in rapid sedimenting structures at 3 h p.i. Dahl & Kates (I97O) extended these studies by determining the sedimentation and density characteristics of the DNA-protein complex at various times of the infection. Our findings, which show that most of the DNAprotein complex found at 3 h p.i. is of high density, are in agreement with the previously reported results of Joklik & Becket (1964) and of Dahl & Kates (197o) . Dahl & Kates (197o) also observed the conversion of the dense DNA component to lighter particles later on during infection.
Analysis of the polypeptide composition of the high density DNA-protein complex, formed in the presence of IBT at 22 h p.i., revealed that both polypeptides 4a and 4 b were missing. These two polypeptides are the main structural polypeptides of vaccinia virus and are located in the core of the virus (Holowczak & Joklik, i967; Katz & Moss, I97o) . The absence of polypeptide 4a is not surprising since it was previously shown that although the precursor P4a is made in the presence of IBT, polypeptide 4a is not cleaved from it under these conditions (Katz et al. I973 a) . The association of polypeptide 4a with the immature particle is a late event during virus maturation. In the presence of rifampicin, another inhibitor of pox virus growth, 4 b also failed to associate with the 2oooo g pellet fraction of the cell cytoplasm. It was also found that integration of 4b into the immature virus particle precedes the integration of polypeptide 4a (Katz & Moss, 197o ). The present study shows that the integration of both 4b and 4a into the DNA-protein complex is interrupted in the presence of IBT. It is possible that their integration may play a role in the conversion of the virus DNA from its deoxyribonuclease-sensitive form to the resistant form.
